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If Professor Newcomb can prove that with the dual systems 
of time-measurement in use in practical astronomical work 
the equation (1) is inexact and (2) is exact, then there is an 
end of my explanation of the cause of the change of the residual 
differences (Tabular It.A. from Hansen—Observed ft.A. of 
Moon) about the year 1864, which is evident when the quantities 
a/ 5 computed from the equation (2) are adopted as the tabular 
right ascensions for the meridian transits. But, on the other 
hand, if my proofs of the equation (1) are sound, the explanation 
of this per saltum change is shown conclusively to result from 
the differences between the quantities a s — a/ before and after 
1864, which directly result from the different values of the 
constants l and N employed in the formation of the solar tables 
in use before and after 1864. 

The discussion of the residuals (Hansen—Observed) is not 
appealed to as a proof of the truth of the equation (1), which 
must be, and has been, independently proved ; but it is certainly 
no disproof to show that if we neglect the corrections 
3 Z s -f 86400 s . xr and use the quantities a/ 5 for the tabular right 
ascensions at the meridian transits of the Moon, the residuals 
which should remain sensibly unchanged about 1864, if the 
neglect of these corrections is a legitimate one, are found to 
have changed to such an extent that the samp mean motions 
will not represent the observations before and after that date, 
and that these per saltum changes disappear when the tabular 
right ascensions are computed from equation (-i). 


Tables to Facilitate the Application of Gauss's Method of Computing 
Secular Variations. By B. T. A. Innes. 

In Yol. I. of Newcomb’s Astronomical Papers of the 
American Ephemeris, Professor Gr. W. Hill suggested the com¬ 
putations of the functions x ( T ) an d i/' (r), both functions of 6. 

If we take another function a related to 0 as follows :— 



M. O. Callandreau has published tables to six places of 

^ in vol. xviii of Les Annales de 


log m 4 n 4 x ( T ) an( l log 


X 0 ) 


l' Observatoire de Paris for 580 valpes of a from o*ooo to 
i*ooo, its extreme limits. 

I had, previously to seeing M. Callandreau’s tables, _ com^ 
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menced calculating log M and log N, using 6 as the argument. 
They are connected with Hill’s functions as follows :— 


2 



X T 


I believe such tables of log M and log N will be useful to astro¬ 
nomers as a check to M. Callandreau’s. They also avoid the 
calculation of the intermediate function a. 

Most of the values of log M and log N given in the tables 
herewith were computed with seven-figure logarithms, so that 
the last figure is uncertain. I have arranged the tables in the 
form— 

A e + ^ A e ) + h f e + ,Xg. 

Thus to compute log 1 ST for — 52 0 32' 36", which we may write 


0 

1 

0 

1-0 

•5433 01* - S3 0 + °- 45 67 



0 

■l n 

1 

gives +0-1381654 


- 53 ° gi yes 

+ 0-1385790 

-•5433 

„ + 2278 


+ " 45^7 j? 

— 1864 

+ •295 

„ - - 16 


+ •21 

— 11 


+ 01383916 



+ 01383915 


The differences from 6o° to 90° of 6 are not given; they will 
be required but rarely, and M. Callandreau’s tables are to be 
preferred for high values. 

The numerical application of Hill’s formulae suggests a few 
modifications. 

We may divide A, B, and C by fl 2 ; the value of 0 will be 
unchanged. V may be equal to 


, X P( T ) 
p+Q—r\- 
xO) 


Then q may be removed from F 1? F 2 , and F 3 . 

In Fi and J, write ) or a 2 for —a being the disturbing 
\a) a 2 

planet. From F 3 , J 3 , and - W 0 the factor sin I may be removed 

T 

to the final equations. From — B 0 , a S Q , and a W Q the factor 


cos - (f> 


may be likewise removed to the end. 
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We have now 


— E 


0 



mcFj + jw) 


291 


with corresponding equations for - S Q and W Q . 


Not the least merit of Gauss’s methods consists in its 
numerous checks. Besides the even and odd functions agreeing 
in the totals, as pointed out by Professor Hill, we got from 


the valuable check 




1 A 00 

— A. % tan <p. 
2 , 



Also as A, B sin e, B cos €, J 1? &c., 'can be made explicit func¬ 
tions of sin E, cos E, &c., the sum total of values can be ascer¬ 
tained at the beginning, and will, prevent, systematic errors. One 
example will suffice :— 


B sin c — — 



rcos <pi sin K, 


] 


+ Cj cos E + Co sin E,; 


and as the sums of cosines and sines for any even regular division 
of the circumference is nil, if we take n divisions, the sum total 
of B sin e will be 

— n r&, e cos (p 1 sin . 


Gauss’s method will also give the perturbations independent 
of the position of the disturbing planet. In the case of the 
Earth disturbed by Venus we have approximately 


d$ = m J n /i.V cos2 * cos * sin E . — E„; 

dt 1 + m \a / r 

f Hdt = ('-'Ysin I" a/ C) sin (l" — or"); 

J dt 1 + m \a ) 

d(f> = o"go 8 sin {l n — xxr"). [Le Verrier = o"'907.] 
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9 

Log 11 


cl 


Log N 

d 

2 d9r 




d 9 

dd- 


(19 

0 

-90 

9 ' 5573'94 

- 

O 

- 38 

0-1461280 

— O 

"55 

-89 

9 - 5573»56 

- 

77 

- 38 

0*1461225 

— no 

-5 5 

-88 

9 5573041 

— 

153 

- 38 

0-1461060 

— 220 

-55 

-87 

95572849 

— 

230 

- 38 

0*1460784 

- 33 i 

-55 

-86 

95572581 

- 

306 

- 38 

0-1460398 

- 44 i 

-55 

-85 

9-5572237 

- 

383 

- 38 

01459902 

- 55 i 

-55 

-84 

9 ' 557 J 8 i 6 

— 

460 

- 38 

0-1459296 

- 662 

-55 

-83 

9 ' 557 i 3 i 8 

- 

536 

- 38 

o-i 45 8 579 

- 772 

-55 

-82 

9-5570743 

— 

613 

- 38 

0-1457752 

- 882 

-55 

-81 

95570092 

- 

690 

- 38 

0-1456815 

- 992 

-55 

-80 

9-5569363 

- 
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- 38 

0-1455768 

- 1102 

-55 

-79 

9-5568559 

- 
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0-I4546I0 

- 1213 

-55 

-78 

9-5567677 

- 

920 

- 39 

0 ’I 453342 

- 1323 

-55 

-77 

9-5566718 


997 
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0 -I 451964 

- 1433 

-55 

-76 

9-5565682 

- 

1074 

- 39 

0 -I 450476 

- 1544 

-55 

-75 

9-5564569 

— 

1152 
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0 -I 448877 
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-55 
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9-5563378 
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01432116 

- 2536 
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0-1429524 

- 2647 

-55 

-65 
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0-1393733 

- 3861 
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— 
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- 397 i 
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9 5520324 
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- 40 

0-1385790 
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-55 
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Method etc. 


293 

Log N 

d 


'dO 

d 0 2 
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~ 4192 
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0*1235433 

- 7051 

-55 

0*1228327 

— 7160 

-55 
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e 

Log M 

d 

dd 

2 dfl a 

Log L r 

a 

ae 
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0 
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0 
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